In the developing cerebellum, the medio-lateral compartmentalization of the adult cerebellum is preceded by the transient expression of factors which divide the cortex into similar parasagittal stripes. Here we report that COUP-TF2, an orphan member of the nuclear receptor family which suppresses RA actions by forming heterodimers with RXR, shows a pattern of sagittal bands in developing mouse cerebellum. The band pattern changes according to the developmental stage. At embryonic day 13 it is expressed in the lateral half of the cerebellum, but at later stages the expression is divided into several parasagittal bands. By postnatal day 5 the COUP-TF2 expression substantially decreases to low, but detectable, levels. q 1999 Elsevier Science Ireland Ltd. All rights reserved.
Results
We have been studying the effect of retinoic acid (RA) upon cerebellar development. RA is synthesized and released from the meningium and choroid plexus and in¯u-ences the axonal growth of embryonic cerebellar neurons (Yamamoto et al., 1996) and the postnatal development of granule cells (Yamamoto et al., 1999) . Therefore we surveyed the expression pattern of various RA receptors and orphan receptors which have been suggested to interact with RA in the cerebellum. Jonk et al. (1994) reported that COUP-TF2, a potent repressor of RA receptor transactivation (Conneely and O'Malley, 1994; Brubaker et al., 1996; Tsai and Tsai, 1997) , is expressed in the developing brain. However, no description was provided regarding its patterned expression in the cerebellum. As one candidate mediator of RA regulated cerebellar development, we studied its expression in the cerebellum and found that it is expressed in sagittal bands from an early age, and that the stripe pattern changes as development progresses.
By semi-quantitative Northern blotting COUP-TF2 transcript was found to be present in the developing cerebellum from E16 and steadily declined until adulthood (Fig. 1) . E-mail address: yamamoto@igaku.md.tsukuba.ac.jp (M. Yamamoto) Fig. 1 . COUP TF2 mRNA expression in the developing cerebellum. COUP-TF2 mRNA was expressed at very high levels between E16 and postnatal day 2.5 (P2.5), then rapidly downregulated to barely detectable levels by P8 and maintained at these low levels into the adult. Actin mRNA was used as the internal control.
Analysis of its distribution by in situ hybridization showed weak expression as early as E13 (Fig. 2b) when the cerebellar anlage begins to form from the rhombic lip and this was complementary to that of the gene En-2 (Millen et al., 1995) (Fig. 2a) . Between E14 and E15 a sagittal pattern emerged (Fig. 3) . The criteria used to determine the identity of speci®c lobuli and cerebellar regions was based on Altman and Bayer (1997) . At E15, the midline portion lacks the labeling and sits between labeled bands on both sides. Examining one side of the cerebellum, from the midline to the most lateral, three sets of alternating negative and positive zones were observed, and the most lateral portion including para¯occular and¯occular primordia ( Fig. 4a) was positive. The most medial bands were clearer in the rostral portion but were very weak in the caudal and ventral portion of the cerebellar anlage. At later embryonic stages, the number of labeled bands increased and the relative width of each band narrowed. At E18, the cerebellum is divided into ®ve portions in the rostro-caudal axis: anterobasal lobe (future lobule I±III), anterodorsal lobe (IV, V), central lobe (VI, VII, VIII), posterior lobe (IX) and inferior lobe (X) (described in the rat by Altman and Bayer, 1997) . The width of the bands varied according to these divisions.
The widest bands were observed in the central lobe (prospective lobule VI), with a total of ®ve positive (b) COUP-TF2 signal. r, rostral; c, caudal; m, medulla; t, tectum. En-2 is expressed in the medial portion and COUP-TF2 in the lateral portion of the cerebellar anlage. Scale bar, 1 mm for both. Fig. 3 . Whole mount in situ hybridization of E15 (a±c), E18.5 (d±g) and P0.5 (h±j) cerebellum. One cerebellum from each age viewed from three angles is shown. (a,d,g ) show the rostral view, (b,e,f,i) show the dorsal view (e shows dorso-rostral and f shows dorso-caudal angle), (c,g,j) show the caudal view. r, rostral; c, caudal. Scale bars, (c) is for E15 and E18.5, (h) is for P0.5: 1 mm. bands on either side depending on the lobule. In the central lobules, if numbered from the midline, which is devoid of labeling, the ®rst band was the widest (about 150 mm), the second one was very narrow (about 10±20 mm) the third one again wide (150 mm) and the fourth and ®fth ones were complex in shape, and continuous in some portion. In contrast to prospective lobule VI, the most medial band was divided into two narrow bands in prospective lobuli VII and VIII (Fig. 3f,g ). Prospective lobuli IX and X had no labeling, however, the wholē occular and para¯occular lobuli were intensely labeled. In summary, the change from E15 to E18 is such that the number of bands increases and the relative width of the bands decreases.
Postnatally, the expression weakened but the overall pattern did not change (Fig. 3, P0 .5). As the foliation of the cerebellum progressed further, the parasagittal banding pattern became less obvious and was disrupted between the folia, although the sagittal pattern was still maintained. After P2, it was dif®cult to detect a clear signal by in situ hybridization, as the total amount of mRNA had decreased to low levels.
In tissue section, types of labeled cells were identi®ed. At E15.5 the premigratory Purkinje cell mass as well as the Purkinje cell plates (Altman and Bayer, 1997) showed COUP-TF2 expression in a sagittally oriented banding pattern (Fig. 4c) . The most dorso-lateral positive cell group was formed by the Purkinje cell plate ( Fig. 4d ; Pcp), composed of post-migratory Purkinje cells, while the most medial positive band was composed of premigratory primordial cells ( Fig. 4d; pmc) . Cells with elongated processes and shapes between primordial cells and Purkinie cell plate (some are likely to be migrating Purkinje cell precursors) were also positive for COUP-TF2 ( Fig. 4d;  mc) . The deep cerebellar nuclei neurons were also positive (Fig. 4f) . Millen et al. (1995) described the expression patterns of several genes that play critical roles in the development of the brain. An interesting relationship exists between the expression of COUP-TF2 and two of these genes: Wnt-7B and En-2. Portions of the Wnt 7B stripes appear to overlap with COUP-TF2 whereas En-2 is complementary in several regions. Precise comparisons of COUP-TF2 with the expression of such genes will help provide further clues as to the role of this orphan receptor during cerebellar development.
Methods
For Northern blotting, cerebella from each age were dissected directly into TRIZOL (Gibco-BRL) and extracted mRNA was hybridized with digoxigenin-labeled RNA probe. The riboprobes correspond to the entire cloned COUP-TF2 cDNA (Brubaker et al., 1996) . In-situ hybridization followed the method of Barthel and Raymond (1993) . The whole mount in-situ hybridization employed the method of Riddle et al. (1993) .
